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ABSTRACT ... _._

Processing of data taken with the U.S. Geological Survey's coal-
seismic system is done with a desktop, stand-alone computer. Programs
for this computer are written in the extended BASIC language utilized by
the Tektronix 4051 Graphic System.  This report presents computer pro--
rams used to develop rms velocity functions and apply mute and normal
moveout to a 12-trace seismogram.

INTRODUCTION

The purpose of this report is to present computer programs used to
develop rms (root-mean-square) velocity functions and apply mute and
normal moveout (NMO) to a 12-trace seismic record. These data processing
procedures are well known in the seismic data processing industry, and
the topics are discussed in most elementary - exploration geophysics
texts. The computer programs of this report were developed as part of
the U.S. Geological Survey's coal-selsmic system. All computer programs
were written in an extended BASIC language developed by Tektronix, Inc.
for use with their 4051 Graphic System. The programs require four pieces
of Tektronix equipment: a 4051 Graphic System with a 32K-byte memory, a
4924 digital cartridge tape drive, a 4631 Hard Copy unit, and a Data
Processing ROM. In addition, a special ROM (discussed in the last sec-
tion of this report) is used.

All programs are self-prompting. In tracing through a sample
problem you will notice that the programs print requests and questions
followed by a flashing question mark. The computer then waits for you
to enter a response from the keyboard. Replies entered in order to run
the sample problems are enclosed in boxes on the figures of this report.

RMS VELOCITY FUNCTIONS

The rms velocity functions developed by the first program of this
report are wused primarily in the computation and removal of normal
moveout, the third program of this report. Rather than being mathemati-
cal expressions in closed form, the velocity functions produced by the
program are sets of rms velocites matched to sets of reflection times.
Velocities used in the development of the functions are obtained from a
discrete-layer model, a downhole velocity survey, or a set of X-square/
T-square analyses. Examples illustrating the use of the program to
develop rms velocity functions from these three sources follow.

The first two blocks shown on the screen displays are the same for
all three sample problems. After you enter the date on which the compu-
tations were made, you are requested: "ENTER RECORD AND SAMPLE INTERVAL
INFORMATION". Here you are to supply the record's beginning, end, and
sample-interval time. In sample problem 1, these times are 200, 450,
and 2 millisec (msec), respectively. Next you are prompted: "SELECT
VELOCITY FUNCTION SOURCE". The selection is made by entering a number
from the list.

Using velocities from a discrete-layer model--Sample Problem 1:

Figure 1 shows the screen display and the type of information



COMPUTE AND STORE RMS VELOCITY Fu M
Computation date ¢9 chars;max): [84 FEB 83]

ENTER RECORD AND SAMPLE INTERVAL INFORMATIOHM
Time at start of computation =[280
Time at end of computation =|45@
Sample int. for computation =|2
No of points in vel. function = 126

SELECT VELOCITY FUNCTIOM SOURCE
1. Velocity from discrete-layer model
2. Uelocity from downhole veloacity survey
3. Velocity from set of A12-T12 analyses
ENTER SELECTION FROM ABOUE LIST; HUMBER =[]

ENTER MODEL PARAMETERS
Mode] designation(18 char,max): MODEL: TEST
Humber of layers in model =
UALUES TO BASE OF LAVYER
LAYER REFL_TIME INT UEL  RMS VEL

1 9.259
2 8.3088 .
3 8.439
4 8.445

Interval velocity beneath layer $ =:1.0
S 450 1

DO YOU KAHT TO PLOT VELOCITY FUHCTION? <Y GOR NJ EE

Figure 1. Copy of screen display for sample problem 1.

entered (enclosed in boxes) in order to compute a rms velocity function
from a set of discrete layers of constant interval velocity. After the
interval velocity and reflection time to the base of each layer are
entered, the program uses the well-known equation (for example, see
Telford and others, 1976, equation 4.41b, p. 271) to compute the rms
velocity. If the time at the end of computation (450 msec in this
example) 1is greater than the reflection time to the base of the last
layer (420 msec), you are prompted to supply an interval velocity (in
the example, 1 km/sec) for a layer beneath the last layer of the model.

Upon electing to plot the velocity function (last line on fig. 1),
you are requested to enter plot ranges and tickmark intervals after
which a plot is made, such as that shown on figure 2.



SET PLOT LIMITS
Minimun rns velocity = 8.29
Maxinum rns velocity = 8,38
Min plot rms velocity =(¢
Max plot rms velocity =
ras vel tickmark int., ={¢

Hinimum- reflection time = 200
Maxinum reflection time = 450
Refl time tickmark int. = [53)

RMS UELOCITY FUNCTION USING DISCRETE-LAYER DATA  DATA COMP:94 FEB 83
MODEL: TEST NO OF LAYERS = 4 Sl = 2 msec NO OF VALUES = 126

0.6 L4 T T Lo

L4 O0FMC WVIED

3 L

308 ELT) 390 ret
REFLECTION TIME

Figure 2. Copy of screen display showing plot limits and plot of
velocity function for the four-layer model of sample problem 1.

If you elect to store the time-velocity data, the screen display
of figure 3 is produced. To verify that the data have been stored, the
program first erases the data from memory and then reads them back into
memory from the tape.



DO YOU WANT TO STORE VELOCITY FUNCTION? (Y OR N> [¥]
INSERT MDT IN 4924 FILE NO =[53]

ARE YOU READY TO PROCEED? ¢Y OR N»

LENGTH OF FILE REQUIRED = 2620

IS FILE OF SUFFICIENT LENGTH? (Y OR N)[N]

INSERT MDT IN 4851 '

ARE YOU READY TO PROCEED? (Y OR N> [Y]

RE-INSERT MDT IN 4924

ARE YOU READY TO PROCEED? (Y OR N3[Y]

DATA STORED AND READABLE IN FILE 55

PROGRAM COMPLETED

. Figure 3. Copy of screen display for storing data.

Velocities from a downhole survey--Sample Problem 2:

Figure 4 shows the screen display and the information entered in
order to compute a rms velocity function using rms velocities obtained
from a downhole survey. After entering information about the survey,
you are next prompted to enter one-way times and rms velocities as
obtained in the survey. For the sample problem , the last survey obser-
vation was at a one-way time of 92.48 msec. Because the reflection time
at the end of computation was selected to be 200 msec, a one-way time of
100, you are asked if you want to enter an estimated rms velocity at the
one-way time of 100 msec. If you answer with an N then the program will
assume that the last rms velocity entered (1.71 km/s) exists over the
interval from 92.48 to 100 msec.

Figure 5 is a copy of the screen display of the plotted velocity
function for sample problem 2.

Velocities from X-square/T-square analyses--Sample Problem 3:

If velocity had been determined from a set of X-square/T-square
analyses, then you would enter a 3 in response to the selection prompt,
and a screen display similar to that of figure 6 would be produced. 1In
this example, data from three analyses have been entered. Note that you
are asked to supply bounding rms velocities--in this case, 0.2 and 0.8
km/sec at the start and end times of 50 and 450 msec respectively.
After electing to make a plot of the velocity function and upon entering
the plot 1limits as shown on the top of figure 7 , the plot shown on
lower part of the figure will be produced. Storage of these results
"proceeds as previously described.



COMPUTE AND STORE RMS UELOCITY FUNCTION
ENTER RECORD AND SAMPLE INTERVAL IHFORMATION

Time at start of computation =748 |

Time at end of computation =200
Sample int. for computation =
No of points in vel. function =1}

SELECT VELOCITY FUNCTION SOQURCE
1. Velocity from discrete-layer mode!
2. Velocity from downhole velocity survey
3. Velocity from set of X12~T12 analyses
ENTER SELECTION FROM ABOUE LIST; NUMBER =[Z2]

ENMTER INFORMATION AND DATA FROM_A DOWNHOLE SURVEY
Survey area (18 char,max) : (1]
Hole designation (7 char,max) :| 79~-181A
Data date (12 char,max) :|1{ FEB 1980

INPUT 1-WAY TIMES AND_RMS VELOCITIES
No of observations =

OBSE§U NO 1-WAY TIME RMS UVEL
i; -6; lgg
2 34.87 .41
3 41.37 <44
4 44,78 34
S 47.19 <63
6 49,48 ° 74
? 92.081 .80
8 34.308 .86
S 56.37 .92
18 S8.42 .98
11 60.36 1.03
12 62.38 1.08
13 64.32 1.12
14 65.635 1.18
1S 67.17 {.24
16 68.78 1.28
17 70.58 1.32
18 72.21 1.35
19 73.72 1.39
28 739.23 {.42
21 76.84 1.45
22 79.24 1.46
23 81.33 1.47
24 83.23 {.49]
23 84.96 1.51
26 86.36 1.54
27 87.77 1.57
28 89.87 1.61
30 91.38 1.68
31 92.48 {.71

DO YOU WANT TO ESTIMATE RMS VEL AT LAST TIME ON RECORD? (Y OR H)
Estinated rms vel at l-way time of 168 = {.88 ‘ .

DO YOU WANT TO PLOT VELOCITY FUHCTION? (Y OR M)

Figure 4. Copy of screen display showing entries for sample problem 2.



RMS VELOCITY FUNCTION USING DOWMHOLE SURVEY DATA  DATA COMP:29-JAN-63
AREA: WATKINS,CO HOLE: 79-181R DATA DATE: 11 FEB 1988 SI=i PTS=16l

1.3 L T Y T R ¥ T v

1.7
1.3
1.3
1.1

8.9

<L =-=O0ormc wx»

40 Téo 160 200

) 1) 1) 109 120 T4
REFLECTION TIME

Figure 5. Copy of screen display showing results for sample problem 2.

COMPUTE AND STORE RMS VELOCITY FUNCTIONM

ENTER RECORD AND SAMPLE INTERUAL IHFORMATION
Tine at start of computation =
Time at end of computation =458
Sanmple int. for computation =|2
No of points in vel. function =

SELECT VELOCITY FUNCTION SOURCE
1. Velocity from discrete-layer model
2. Velocity from downhole velocity survey
3. Uelocity from set of X12-T*2 analyses
ENTER SELECTION FROM ABOVE LIST; NUMBER =[I]

ENTER INFORMATION AND DATA FROM X$2-T12 ANALYSES
Survey area (18 char,max)
SP designation (7 charymax) :| 1234567 .
Data date (12 char,max) | 123456789812
Humber of Xt2-T12 analyses a[3]
COINCIDEHTTRRY TIME x127112 VEL
390 '
400

Est. rms vel at start time of 58 =/8.2-
Est. rms vel at end time of 4350 =18.8

DO YOU WANT TO PLOT VELOCITY FUNCTION? <Y OR N> Y]

Figure 6. Copy of screen display showing entries for sample problem 3.



SET PLOT LIMITS
Minimum rms velocity
Maxinum rms velocity
Min plot rns velocity
Max plot rms velocity
ras vel tickmark int,

«
.

»n
®

Minimumn reflection tinme
Maximum reflection tine
Refl time tickmark int.

[ N ]
FYl]
N D
o

RMS UELOCITY FUNCTION USING Xt2-T42 DATA  DATA COMP:29-JAN-83
AREA: 123436789@ SP: 1234567 DATA DATE: 123486789812 SI=2 PTS=201

a .
9.9 T T T T T T e

8.7

8.6

a.5

004

< ~4=O0rmc v

8.3

8.2

%13 100 %8 LT 750 60 7% 460 re?y
REFLECTION TINE

Figure 7. Copy of screen display showing results of sample problem 3.

MUTE AND NORMAL MOVEOUT

The function of the mute program is to suppress high amplitude
events associated with the first arrivals; the purpose of the normal
moveout programs is to remove normal moveout (NMO) from the reflected
arrivals. Both procedures are standard in seismic data processing,
(Telford and others, 1976, mute: p. 392, NMO: p. 263). In the sections
which follow, sample problems are given to illustrate the use of the
nuting function and the removal of NMO using both constant and variable
velocity functions.

Muting is accomplished in the programs of this report by use of a



i

cosine taper (a multiplier in the form of an inverted, shifted, half-
period cosine ranging from O to 1) whose length and start time are
entered from the keyboard. For a selected spread segment (traces 1 and
12 on a single-ended spread, for example), you are asked to enter the
beginning time of the mute for only the first and last traces. Using a
linear interpolation, the program then computes mute start times for the
interior traces. You are also offered the option of selecting mute-
start times individually for each trace. All trace amplitudes prior to
the start of the mute are forced to zero.

In shallow-reflection studies, the selection of the start and
duration times of the mute function must be done carefully. The
objective of the mute is to decrease the amplitude of the first-arrival
wave train without seriously diminishing the amplitude of the shallow
reflections, a task easier to state than to accomplish. Because NMO
removal is a time consuming operation, it is suggested that you set the
"end NMO time" to a shortened value during the search for an acceptable
mute function. If you are interested only in removing normal moveout
within a time window bracketing deeper arrivals, then the mute function
need not be applied.

Application od muting to NMO-corrected record--Sample Problem 4:
The record for this example is from a wave test conducted in an

area im which shallow shear-wave reflections appear to exist. Velocity
from a set of X-square/T-square analyses is 0.21 km/sec. Figure 8 is a

CONSTANT VELOCITY NMO CORRECTION OF 12-TRACE RECORD
INSERT NMO MOT IN 4051 AND 0BS-DATA MDT IN 4924

Name of NMO MDT =|NMEUT
Rec® on NMO MDT =|?
Name of 0BS MDT = WT2TH
Rec® on 0BS MDT =7

DO YOU HANT TO APPLY MUTE? (Y OR N)

0BS MDT S.]. ={0.%
NMO MDT = 1,0
08S MDT dclcy = @

Constant vel ={8,2}

SPREAD TYPES .
1. Singlc-endcd vith eaqually spaced detectors
2. Split with equally spaced detectors
3. Spread with unequally spaced detector
ENTER SELECTION FROM ABOVE LIST} NUMBER =

FOR THE SIMGLE-ENDED SPREAD WITH EQUALLY SPACED DETECTORS:
Trace | offset =

Tr. | mute start =25
Trace 12 offset =| 36

Tr.12 mute start = 198
Cos~taper time = 59

Start NMO time =
End NMO time =250

PROGRAM COMPLETED

FOR NMO-CORRECTED RfCORD:

Figure 8. Copy of screen display showing entries to produce the muted
record for sample problem 4.



copy of the screen display produced by the constant-velocity NMO pro-
gram. Enclosed in boxes is the information entered in order to produce
a muted and NMO-corrected record that ranges in time from O to 250 msec.

Displayed on figure 9 is the 0-to-250 msec record segment without
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Figure 9. Copy of screen displays showing (upper) record before
processing, (middle) record without muting but with NMO applied,
and (lower) record with both muting and NMO applied.



any processing (upper), the record segment without mute but with removal
of NMO using a constant rms velocity of 0.21 km/sec (middle), and the
record (lower) after application of mute using the parameters as entered
in figure 8 and after removal of the constant-velocity NMO. Neither
static correction nor filtering has been applied to these records. On
the unprocessed record, the offset (0/S) in meters from the source point
to the detector of each trace is listing in the left column; the posi-
tion number (PN) of each detector is listing in the right column.

Construction of constant velocity panels--Sample Problem 5:

In this example, the constant-velocity NMO program is used to
construct a set of constant-velocity panels at velocities of 0.6, 0.8,
and 1.0 km/sec. Figure 10 shows the screen display used to enter data
for the unmuted 50-to-250-msec panel at a constant velocity of 0.6
km/sec. Note, as the prompts on figure 8 indicate, that two master data
tapes are required when correcting for NMO: one containing the observed
data, and one to store the NMO-corrected results. In this example, no
muting has been applied.

CONSTANT UELOCITY NMO CORRECTION OF 12-TRACE RECORD
INSERT NMO MDT IN 485! AND 0BS-DATA MDT [N 4924
Name of NMO MDT =| NMGUT
Rec# on NMO MDT =|3
Name of 0BS MDT =| AR2UT
Rec# on 0BS MDT =6

DO YOU WANT TO APPLY MUTE? ¢Y OR M) [N]

0BS MDT S.I. =/@.3
NMO MDT S.I. =|1.0
08S MDT delay =9
Constant vel =(8.6

SPREAD TYPES .
1. Sinale-ended with equally spaced detectors
2. Split with equally spaced detectors
3. Spread with unegually spaced detectors
ENTER SELECTION FROM ABOVE LIST; HUMBER =T

FOR THE SINGLE-ENDED SPREAD WITH EQUALLY SPARCED DETECTORS:
Trace | offset = )
Trace 12 offset =|69

FOR NMO-CORRECTED RECORD:
Start HMO time =;

End NMO time = 230
PROGRAM COMPLETED

Figure 10. Copy of screen display showing entries for 0.6 km/sec panel.

10



Velocity-panel record segments from 50 to 250 msec with NMO removed
at rms velocities of 0.6, 0.8, and 1.0 km/sec are displayed on figure
11. The record segment without NMO correction is shown for comparison.
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Figure 11.

Velocity panels from 50 to 250 msec at velocites in km/sec

of 0.6 (upper right), 0.8 (lower left), and 1.0 (lower right). The
record segment in the upper-left block is without NMO correction.
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Full record with mute and NMO applied--Sample Problem 6:

In this example, the constant-velocity NMO program was used %o
construct a NMO-corrected record (500 msec) using a velocity of 0.7
km/sec and a 30-msec cosine mute. Muting began on trace 1 at a time of
33 and ended on trace 12 at a time of 47 msec. Figure 12 shows the
data-entry screen display to produce the muted and NMO-corrected record
shown on the lower half of figure 13.

CONSTANT UELOCITY NMO CORRECTION OF 12-TRACE RECORD
INSERT NMO MDT IN 4851 AND 0BS-DATA MDT IN 4924
Name of NMO MDT =[NM6UT|
Rec# on NMO MOT = 18
Neme of 08S MDT -lnazur
Rec# on 0BS MDT =

DO YOU WANT TO APPLY MUTE? ¢t OR W>[Y]

08S MDT S.1. =/9.5
NMO MDT S.I. =|1,
0BS MDT delay =(8
Constant vel =|08.7 |

SPREAD TYPES )
{. Single-ended with equally spaced detectors
2. Split with equally spaced detectors
3. Spread with unequally spaced detectors
ENTER SELECTION FROM ABOVE LIST; NUMBER =[1 |

FOR THE SIHGLE-EMDED SPREAD WITH EQUALLY SPACED DETECTORS:
Trace 1 offset =[36
Tr. 1 mute start 33
Trace 12 offset 69
Tr.12 mute start 47
Cos—-taper tine 38

FOR NMMO-CORRECTED RECORD:
Start NMC tine =

End NMO time =
PROGRAM COMPLETED

Figure 12. Copy of screen display showing entries for sample problem 6.

Shown on figure 13 are the full records without NMO correction and
with normal moveout removed at a constant velocity of 0.7 km/sec. It
appears from inspection of the NMO-corrected record that the use of a
constant velocity over the entire record may not always be satisfactory.

12
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Figure 13. Record 6 on master data tape: AR2UT without NMO (upper) and
with a constant 0.7 km/sec NMO velocity and 30-msec cosine mute
applied (lower).

13



NMO correction using a velocity function--Sample Problem 7: ____

The velocity-function NMO program is illustrated in this last
example. Velocities of 1.0 and 0.8 km/sec centered at reflection times
of 100 and 200 msec respectively were entered into the X-square/ T-
square velocity function program, much as was done in sample problem 3.
A start-time velocity of 1.5 and an end-time velocity of 0.6 km/sec were
estimated. Start time of computation was 0, end time was 500, and sample
interval was 1 msec.

Figure 14 is a copy of the screen display showing the information

VELOCITY-FUNCTION NMO CORRECTION OF 12-TRACE RECORD
INSERT VEL-FUNCTION MOT IN 4924 FILE NO = [39]

UELOCITY FUNCTION USING X?2-TT2 DATA
VERNAL WT2,H/E_ 1S MAY 1982
FUNCTION BEGINS AT T=@ AND ENDS AT 580 WITH A SI-!

INSERT NMO MDT xu 4 ND 0BS-DATA MDT IN 4924
Name of NMO M D H

Rec# on NMO @

Neme of 0BS nor + ar2u7

Rec# on 0BS M

DO YOU WANT TO APPLY MUTE? <Y OR M) [¥]

0BS MOT S.I. =/0.5
0BS MDT delay -
SPREAD TYPES
1. Snnslc-ended. equally spaced detectors
2. Split, equally epaced detectors

3. Spread with unequally spaced detectors
ENTER SELECTION FROM ABOUE LISTs NUMBER tm

FOR THE SINGLE-ENDED SPREAD:
Trace 1| offset =

Tr. | mute start ={33
Trace 12 offset =| 69

Tr.12 mute start =/ 47
Cos~taper time =30 |

Start NMO time =
End NMO time =|

FOR NMO-CORRECTED. :CORD:
PROGRAM COMPLETED

Figure 14. Copy of screen display showing entries for sample problem 7.

entered in order to compute velocity-function NMO correction of the
record stored as record 6 on master data tape ARRUT. The NMO-corrected
record was stored as record 8 on master data tape NM6UT. Because of the
computer's limited memory, a maximum of only 501 velocity-~function
values, 1001 seismic-trace values, and 130 cosine-taper values are
permitted. Also because of the small capacity of the computer, NMO
correction is made and stored trace-by-trace and some calculations that
should be made outside of a loop are forced to be made within a loop.
If this program is to be used on a larger-memory machine, then the
program should be modififed to make it run more efficiently.

Shown on figure 15 is a plot of the velocity function (upper) and a
display of the record (lower) after velocity-function NMO correction.

14
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Figure 15. Copy of screen displays showing the plot of the rms velo-
city function (upper) used in making the velocity-function-NMO
corrected record shown on the bottom half of the figure.
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COMMENTS ON AND LISTINGS OF THE PROGRAMS

In order to put the programs of this report to work, you must know
how to perform the following operations:

1. transcribe the programs into the computer,

2. store the programs on magnetic tape,

3. retreive the programs from magnetic tape,
4. enter information from the keyboard, and

5. copy the screen display.
These tasks are well documented in the computer's operator's manuals.

Four control characters (ones requiring the holding down of the
control key as the letter is entered) are used in the programs: G (ring
bell), K (move cursor up one line), L (erase screen and move cursor to
the HOME position), and the RUB OUT (move cursor to the left margin and
down one line). In the printed listing these control characters are
shown as G_, K_, L_, and __, respectively.

To achieve maximum data packing on master data tapes, all record
data are stored as three-byte hexadecimal values. A specially designed
ROM is used to convert MDT (master-data-tape) data from hexadecimal to
digital values and later to convert digital values to hexadecimal prior
to storing them on a master data tape. The occurrences of these ROMs
can be recognized in the programs by the statements of the form: CALL
"HEXDEC",B$,V,LEN (B$),3 (where B$ is the string variable containing
data in hexadecimal and V is the array containing the data in decimal),
and CALL "DECHEX",B$,V,1001,3 (where 1001 is the size of the V array).
ROMs also are used to speed the finding of the minimum and maximum
values of a function--recognizeable in the program listings by state-
ments of the form: CALL "MIN",V,R1,I1 and CALL "MAX",V,R2,I2G--and to
plot a function--identifiable by a statement of the form: CALL "DISP",V.
A1l of the above operations can be performed by BASIC programs; however,
it is considerably faster to employ ROMs.

REFERENCE

Telford, W. M., Geldart, L. P., Sheriff, R. E., and Keys, D. A., 1976,
Applied geophysics: New York, Cambridge University Press, 860 p.
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PROGRAM LISTING FOR GENERATION OF RMS VELOCITY FUNCTIONS

199 PRINT "L_.COMPUTE ARND STORE RPMS “WELOCITY FLUMITION®

119 INIT

129 DIM RASCL2), BSC11), DSCLDD, 35CA), IF(I), S$C2), US(II, 112>
128 PRINT “ComPutation date < char:max): “;

148 INPUT BS

150 PRINT “__EMNTER RECORD AND SAMPLE INTERVAL INFORMATIOM"
180 PRIMT " Time at start of comPutation = "“i -

179 INPUT T2 ’ -

188 PRINT ¢ Time at end of comPutation = “;

129 INPUT T2
200 PRINT " Sample int. for compPutation = "j

218 INPUT S

229 N=INTC(T2-T1)>/S1+1)

229 PRINT “Mo of Points in wel. function = ";N
249 DIM TN, YEND

250 TC1d=T1

269 TMd>=T2

279 T4=TL

299 FOR J=2 TO N-1

299 T4=T4+S1

260 TCJI)=T4

319 NEXT T

328 PRINT "_.3ELECT WYELQCITY FUNCTICON SQURCE"

329 PRINT ¢ 1. Yelocity +rom discrete—laver mod21"

248 PRINT 2. velocity from downhole vwelocity survey"
3589 PRINT 2. ¥Yelocity from selt of XT2-T1T2 analsses"

289 PRINT "ENTER SELECTION FROM RBOWYE LIST; "NUMBER = “;
Z79 INPUT NO :
2289 G0 TO NG 0OF 339, 420,479
399 Y3$="DISCRETE-LAYER DRATAR"
498 =1
418 GOSUB 6506
429 530 TO =69
429 Y$="DOWNHOLE SURVEY DATA"
449 Q=2 '
459 GOSUB 12680
428 G0 TO S8
479 Y$="K1r2-Tt2 DARTR"
423 I=Z
499 GOsSUB 1379
Sod PRINT “._.DO Y0OU WANT TO PLOT WELCOCITY FUMCTION? (Y OR Mo "
S1i3 INPUT G$
29 IF 3F="N* THEN 559
528 REM #x PLQT YELOCITY FUNCTION
S48 G30SUB 538 . :
552 G0SUB 2500
69 PRINT "“__DJ YOU WANT TO STORE WELOCITY FUNCTION? <Y OR N> *“;
%70 INPUT, 33’
%S9 IF S$="N" THEN S§108 .
S23 REM w+ STORE WELOCITY FUNCTION
5808 530SUB 2249
218 PRINT "G_G.G.__PROGRSM COMPLETED"
229 END
=203 FEM ww SUB: DEFAULT DISPLAY AND MGOVE TO PAGE BOTTOM
5489 WINDOW 9,129, 3, 100
550 “IEWPORT O, 120,08, 169
s88 MOYE 9,9
S7T8 PRINT
2 RETURM
8 REM % 'SUB: COMPUTE RMS YELOCITIES FROM MODEL
8 PRINT "__ENTER MODEL PARAMETERS"
3 PRINT "Model desianationcilld char.max:: ";
T2 INPUT RS
TID UsS=gs
T4 Is=mnSY =
TS SFE=STR.SL:
17



I$=I52
PRINT
INPUT

D¥="NO OF LAYERS -

53=STR

=3

" Mumber of lawers

N1

CNLD

D$=0Ds$2SsS

N2=N1+

DIM BCNLY, C2CNLD, JLC(N2+L), TOCNZDY,

TAC(LO=
Bi=0

Ci=9

PRINT
PRINT
IMAGE
FOR J=
PRINT
INPUT
PRINT
INPUT

1
9

" YALUES TO BASE OF LAYER"
REFL TIME

"LAYER
Ko

2 TO N2
" wp J=qg
Ta(JI>

“Ko
“ac(J=1>

B2=(TACJII=-TOC(I-15>/2

Bi=B1+

82

Ci=C1+vB8<(J-14Y/0(J=11+82

c3¢J-1
VA=SER
PRINT

Raeivy

CNEXT

a=CL
CCisB1>

USING 298:v1

J

IF TRCJ-1)>>T2 THEMN 1118 °

PRINT
INPUT

"=Interval
YACNZ)

Q=(T2=-TOJ-12>2

Bi=B1

+82

walocily benealth lawser

CL=CL+YACN2I*VB(N2I#B2
Wi=SQRCL/BLY

PRINT
PRINT

n Wi J=q; "

USING 890:%1
REM #« DETERMINE RMS YELOCITY FUNCTION

FOR J=1 TO N
IF T<JI>>TBC2> THEN 1150
R P LN T B

30 TO
FOR L

IF ToJ3oTadcl+1) AND T(J)<=T0<L*2) THEN 115@

MEXT

1229
=1 TO Ni-1

L

Bi=g, S»(T/(J)-TOCL+1>>

B82=9,

ST

iwn model =

INT VEL

3T

S2=CITCLI+YB L1V L+ %81

Wi ls=
NEXT

SQRC(C2/B2O
J

CELETE B1,82,C1,C2,C3
RETURN

REM % SUB:

PRINT
PRINT
INPUT
PRINMNT
NPT
PRINT
IMNPUT

“_=ENTER INFORMATION

" Survey
s

area <19

"Hole desisnation 7

s
" Data
Ds

OELETE J1
Ji=TL/Si+1

J2=T2,

S1+1

date (12

PRIMNT "“__INPUT L1-WAY TIMES

PRINT
INPUT

JO=2
WE=

char, max>
char. maxJ

char. max)

AND RMS YELOCITIES™

"Mo of nbs2rvafions =

M1

2 DIM JRCNA+L), TACNLD,

YBCNL+LY

18

YACNZD

RMS VEL"
“,D. 3D

-

"; VOCN2D

COMPUTE YELOCITIES FROM DOWMHOLE-SURVEY RESULTS
AMND DATA FROM A DOWNHOLE SURVEY"

",
3

)

WpJdeq; o=



1429 PRINT "OBSERY NO  1-WAw TIME  RMS WEL"
1249 FOR J=1 TO Ni

1450 IF J<11 THEN 1539

1460 GOSUB 538 )
1479 PRINT “OBSERY NO  1-WAY TIME  RMS VEL"
1488 FOR J=11 TO Ni

1499 IF J<41 THEN 1530

1599 GO0SUS 630

1518 PRINT “OBSERY NO  1-WAY TIME RMS VEL"
1529 FOR J=41 TO Ni

1538 PRINT * WL "

1549 INPUT TBCJ)

1550 JOCI>=INT(2%TBCJI>/SL1+0. 5D

156@ PRINT "K_ . ";
1572 INPUT vOCJY
1588 NEXT J .

1598 IF T2<TOCNA> THEN 1650
1598 PRIMT "__DO Y0OU WANT TO ESTIMATE RMS VEL AT LAST TIME ON RECORD?";
16190 PRINT " <% 0OR N> ';
1629 IMPUT Gs3
1639 IF Gs="N" THEN 16380
16548 PRIMT "Esfimated rms vel at 1-way Lime of "; T2/2; " = "
1550 INPUT wWaCiMHi+1>
16868 IBrML+LI=T2
1572 30 TQ 1292
L1838 YACMA+LIaVACNLD
1699 REM #ex DETERMINE RMS VELDCITV FUNCTION
1799 L=1
1718 IF IRCi><JL THEN 4760
1729 M3=J9C1)=-J4
1729 FOR L=1 TO N2
1743 VYol »=@dCi)
1790 MNEXT L
1750 L=l-1
17TR FOR K=1 TG M1
1728 N2=1arK+12—-JACKD
1799 FOR J=1 T0O N2
1393 L=L+1
1318 S=UVACK+LI-YP KD I AMNE
122@ YiLi=V3rKi+(J-1)%S
1829 MEXT J
1348 MEXT K
1853 VCL+Lo=Y3C(NL+1)
360 RETURHM ‘
1379 REM o SUB: COMPUTE VELOCITIES FROM.SET OF X12-T1t2 ANRL'YSES
1233 PRINT "__ENTER INFORMATIGON AND DATA FROM K1r2-Tr2 AMALYSES"

13399 PRINT " Survey area (10 char.max> . ";
1999 INPUT nAsS
1519 PRINT "SP desi2nation (7 char,max> : “;
1228 INPUT Us
12398 PRINT * Dafta date 712 char,max> : ";

1248 INPUT Ds

13%38 PRINT "__ Mumber of X1T2-Tt2 analuwses = ";

1368 IMPUT N1

1279 Mi=2+N1i

1920 DIM TSN, YZINLD )

1999 PRIMNT “__COINCIDENT-RAY TIME A1P2-Tr2 VEL"
2989 FOR J=2 TO Ni-1

2919 PRINT * ";

2929 IMNPUT TZoID

PRINT "K_ . ";

INPUT V201D

MERT 7T )

REM «# LINEAR INTERPOLATION OF IMTERMEDIRTE RMS YRALUES
PRINT “__Ez%. rms w2l at =tart Time of ":TL," = *
INPUT w240

WELIEYIOLD ' 19

©
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n0®
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2199 PRINT " Est. rms wel al end Time of " T2 = '
2118 INPUT WIiML1)

2128 WCMISMIONLY

2438 TICLr=TCL)

2143 TTINLIaTIND

2158 FOR J=2 TO.N-1

2160 FOR K=1 TO Ni-1 .
2479 IF TeJ>adTICKDY AND T(JD<=TZ(K+1)> THEN 2208
2459 MEXT K

2459 30 TO 222

2209 C=CYICK+LI=YIIKIIACTT L 1) =TICKDID

2218 YCII3CHCTLII=TIIKD 3 +Y3CKD

2220 NEXT J

2229 RETURN :

2248 REM #% SUB: STORE RMS YELOCITY FUMCTION
22%0 PRINT "“G_G_G___INSERT MDT IN 4924 FILE NO = *;
2268 INPUT F9

2279 30SUB 3280

2288 F1=20»N+180

2299 PRINT "__LENGTH OF FILE REQUIRED = ";F1
2289 PRINT "._I5 FILE OF SUFFICIENT LENGTH? ¥ OR N> ";
2319 INPUT Gs

2229 IF G$="Y" THEN 2399

2220 PRINT "G.G.G.__IMSERT MDT IN 48%51"

2349 GOSUB 2280

2280 FIND F9

2389 MARK 1, F1

2I7H PRINT "3.G.G.__RE-INSERT MDT IN 4924"

2320 GOSUBR II89

2799 FIND R2:F9

2499 WRITE G2:M., A$. DS, Us, Ws, T, V

2419 PRINT @2, 2:

2429 REM #w CHECK ON RERDABILITY OF STORED DATA
243D DELETE M. AS. DS, U, Y3, T, ¥/

2440 FIND 22:F9

2450 RERAD 32:N

2458 DIM TN, VEND

.':41-‘3 F:EHD @2 ‘RS, DS: U‘J "ﬁ"n TJ Y

2489 PRINT "__DATA STORED AND READABLE IN FILE ";FO
2499 RETURN

2500 REM #ew SUB: PLOT YELOCITY FUNCTION

2518 DIM R3C13), T$CAT) -

2529 R3="RMS WELOCITY"

2530 T$="REFLECTION TIME"

2542 RESTORE 2559

2558 DRTA 1,18, 125, 16, 90, 1. 81, 2. 36

2568 READ B@, B1, B2, CL. C2, K2, K4

2579 B2=52~B1

2528 C3=02~-C1 :

2599 PRIMT "SET PLOT LIMITS"

2580 CALL "MIN",VY, R, I1

2619 CALL “"MAXR". Y, R2, 12

2629 IMAGE " Minimum rms wvelocily = ", D 2D
2823 PRINT USING 2620:R1

asd4E IMAGE Maximum rms wvelocify = ",D. 2D
25T8 PRINT USING 2549:R2

2858 PRINT * Min Plot rms velocils = ";
2678 INPUT RZ2

2829 PRINT “ Max Plof rms velocils =";

2629 IMPUT R4 .

2729 PRINT " rms w2l tickmark int. = ";
2718 IMNPUT RS

2729 RE={R4=-R2) /RS

ITZA RTsSLCIARS .

2T PRINT “__Minimum reflection Time = "; T1
2758 PRINT "Maximum reflection Time = ": T2
ZTED PRINT "Refl Lime Lickmark wat. = "
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R

arro
aran
- zran
2899
2819
2s20

o=
222

2349
2859
2859
2879
2388
=329
2290
2316
2929
2939
2549
2950
2260
2R]79
2950
2999
>899
hrt*s 1 1)
a2
ot = et |
ts T 1
et 1
gz 13"
-370
a1
sasa
3199
2119
129
s, lgeat =
3148
s Bt
Zise
2179
2129
3129
209
z2ans
3220
222

249
2%0
-268

el
-

289
I2%9
ZZe
ZZ1i9
229
3209
2349

3268
2379
2289
399
Z409
Z413
Z420

INPUT
Te=:uT2
T7=8Z
REM e
PRINT
30 TO
PRINT
30 7O
PRINT
PRINT
30 TO
PRINT
PRINMNT
MOVE B
RORANW
RORAW -
RORAW
RORAW
MOYE @
FOR J=
L$=SEG
PRINT
MEXT J
MOVE 3
PRINT
REM e

TS
-TL2/TS
TS .
PLOT BORDERS AND LABELS
“L.RMS VYELOCITY FUNCTION USING "“;vs; " DRTA COMP:"; B$
Q} UF 2839, 2853, 2880 .
As: " 08" " IS" msec NO OF “YALUES = "; N
29508 .
“AREA: ";A$:; " HOLE: "“;Us:; " DATA DATE: “;D$: " SI=";S1;" *;
" PTS="; N
2990 : ) .
“AREA: “;A%; " SP: ";U$:; " DATA DATE: ;D& " SI=";SL:" “
" PTS="; N .
1, C2
B2, 9
9, -C3
-63» 8
2.C3
, CCL+C22A2+KA4 (3. SwLEN(RS$Y-1)
1 TO LENCRS)
(Rs, J, 4D
Ls

. Sw(BL+B-KIWLENCTS) ), Ci-2wKe
TS :
PLOT 'AND LRBEL TICKMARKS

MOYE Ba-3+K3, C1

IMRGE
PRINT
MOVE B
FOR J=
RMOVE
RORAW
RMOVE
RDRAW
PMOYE
RMOVE
PRIMT
RMOVE
NEXT J

0.0 .
USING 3848:R3
1, 24

1 TO Re

3. R7

B9, 3
B3-2w809, 9
B8ad, @

-83, 2 _
=Z%KZ, =9, SwK4
JSING 3849:R3+J%RS
3*KZ, B, SweK4

MOYE B4, C1

IMAGE
RMOYE
PRINT
MOVE B
FOR J=

" RMOVE

RORAW
RMOVE
RORARW
RMOVE
RMOVE
PRINT
RMOVE
NEKT J
REM som

4D

=2. Z2#K3, -Kd4
USING 3188:T1
1, C1 )

1 TO T&

T7. 9

8, Bo.

@, C3-2+B88

2, 89

8, -C2

-2. 3*K3: -K4
LUSING 313Q:Ti+J#TS
2. 3#K3, K4

PLOT YELOCITY FUNCTION

“IEWPOURT B4, 82, Ci,C2

WINOOW
cAaLL "
30suB
RETURMN
REM 4om
PRINT
INPLT
IF G$=
RETURN

1, N, R3, R4
DISP". ¥
823
SiUB: READY TN PROCEED?
"-=ARE YOU RERDY. TO PROCEED? (%Y OR N> ';
3%
"M" THEN 2329 -
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PROGRAM LISTING FOR CONSTANT-VELOCITY NORMAL MOVEOUT CORRECTION

izs ;§§¥T "L-CONSTANT YELOCITY NMO CORRECTION OF 12-TRRCE RECORD"
129 DIm L:(S);GS(i)aHS(li).JS(iS);LS(Z):NS(i?);NS(T);OS(?)
129 0Im 53(1),V$<35);X1(12>
148 Q1=1, -
158 NS’"NO MUTE RPPLIED*"
160 PRINT “G.G.G---INSERT NMO MDT IN 4851 AND OB3-DATA MDT IN 43924"
179 PRINT "._Name of NMO MDT = “;
129 INPUT Ns
123 PRINT "Rec# on NMO MDT = “;
268 INPUT RS :
2189 FO=RS»12-19
228 PRINT “Mame of OBS MDT ="
228 INPUT Os :
248 PRIMNT "Rec# on OBS MOT = “;
258 INPUT R1 .
268 Fl=Ri1x«12-10
27 PRINT "_..DO vY0OU WANT TO APPLY MUTE? (Y OR N> ™;
2380 INPUT G3
298 IF Gs="N" THEN 220

292 DIM Jeci2>
19 Qi=2 .
229 REM dok ESTHBLISH SI, DELAY. RAND Y“EL
7@ G0SuUB S69
43 REM w» EMTER SPREAD DATA AND MUTE-START TIMES
358 30SUB 1710
5@ IF Qi=1 THEN 2SS9
:T PRINT " Cos-faPer Lime = ";
89 INPUT C4
Z98 REM #x ESTARBLISH NMO. TIME RANGE
100 30SUB 559
418 REM < TEST DARTR LIMITS
428 530SUB FVO
428 REM w# SET C0S TRAPER & COMPUTE MUTE COEFFICIENTS
449 IF Q1=1 THEN 460
4589 GEsSUB S@6
458 REM wox COMPUTE, FAPPLY, RAND STORE 'NMO TRACE-BY-TRRCE
47¥Q G0SUB 1998 )
488 PRINT "G_G_G_.PROGRAM COMPLETED"

439 EMD .
S REM 4 51UB: ESTABLISH S. 1., DELAY TIME, AND VELOCITY
S19 PRINT "._.0BS MDT S. 1. = "

S29 INPUT S21

SZB PRINT ™ NMO MOT 5. 1. = *;
S48 INPUT SZ

89 52=352/51

568 PRINT "“0BS MDT delay = “;
S7¥O IMPUT L

589 JT=L.51+1

529 PRIMT " Constant wvel = *;
sga INPUT v

2518 C3aSTROVY

820 Y$="COMSTANT “YELOCITY = "&C$
S2D YE=YS&" km/s2c”

549 RETURN

558 REM % SUB: NMO TIME RANGE
258 PRINT “__FOR MMO-CQORRECTED RECUORD:*
579 PRINT “Starf NMD Lime = ";
S29 [MPUT T2

559 J2=T2,/S1+1

788 PRIMT * End NMO Time = “;
T8 INPUT T2

T29 IT=TISS1+1

22



o3 N2=JZ-J2+1
T3 NI=OIMN2-1),-S3+1
TS MNamZwNZ-
58 RETURNM
TTA REM sow SUB: TEST DATA LIMITS
T38 CALL "MIN®, X1, X4, 14
728 CALL "MAX", K1, X3 12
309 T4=SAR K XS H+TIHRT2D
319 IF T4=>L THEN 349 X :
322 PRIMNT "G_G_G_ERROR: INITIRL COINCIDENT RAY TIME TOOC SMALL"
329 GO TO 579
3490 J4=mINTIQ, S+<T4-L>/S1O+1
250 Tém(J3=1)>%SL
358 TSaSQRCNIAHKI/V+TZSHTI)
278 JIS=INTCQ. S+(TS~-L)/S10+1
328 TS=CJS-10%S1 :
399 RETURN
S99 REM #ee SUB: SET CO0S TARPER
319 CH=STRICL?
2928 MS=C3L" megec cosine”
3B CL=INTLCA-S1+43. SO.
249 DIM KSCCLD
9%8 C2=PIl-C1
359 FOR M=1 TO 1L
IT0 KACN =), S~3, SwZOSCC2*ND
228 NEXT M
320 RETURN
1209 REM ~+ SUB: COMPUTE., APPLY, AND STORE TRACE-BY-TRACE
1948 FOR J=1 TO 412
1928 DELETE Ds$,0
19Z90 JS=1981 MAX IS
1343 DIM D$(ZHAS), 0T
1959 IF J>1 THEM 1999
186d FIND @2:F41
1979 READ #2:HS$, DS
1689 GO0 TO 1110
1898 FIMD R2:Fi+J-1
1133 READ 32:.Ds$
1118 0=511
1128 CRALL "HEXDEC",Ds$, 0, LENCDS$>, 2
1120 DELETE Os
1148 0=0-514
14590 IF i=1 THEN 12498
1160 FOR K=1 TO IS
1178 J<K>=9
1188 MNERXRT K
1196 P=d
1288 FOR N=K TGO K+Ci-1
1216 P=P+1
1220 QCNI=KSOIPI#)(MD
228 ME¥T N
1249 GO3UB 12349
1259 G05UB 14809
1258 GOSUB 1S&9
1278 NEXT J
12398 RETURN )
1220 REM v SUB: COMPUTE MMOD TIMES AS INDICES
1289 DIM TdIN3>
1218 In=12-S2
1228 TE=T2-S2
1229 FOR I=1 TO N2
1243 JAmTs+S3
1289 To=TS5+S2
12689 Tol>x=Ts

23



LETY MEXT I

1239 DIM MONZE>

1258 FOR Ksi TO N2 :

1480 MIKI=SARCTCKI®T (KD +HL(T D AL (I D VI=TCKD
1418 MCKI=INTCD, S+MCKIAS1D

1428 MNEXT K

1428 MamM-J7

1449 DELETE T

1458 RETURN

1460 REM #% SUB: MAKE NMO CORRECTIONS
1478 DIM DC(NZ>

14388 0O=3

1499 J&=J2-52

1560@ FOR I=1 TO N3

1549 JE=J6+S2

1329 DCIx=QCJ6+MCI>)>

15390 NEXT I ’

1542 DELETE M, 0O

1550 RETURN

15560 REM ww SUB: STORE NMO-CORRECTED DATA.
1Sv¥9 CELETE D%

1588 DIM Ds$(N4)>

1538 D= ¢

1509 D=D+3514

1519 CALL "DECHEX", D%, D, N3, 2

1528 DELETE D

1828 IF J>1 THEMN 1679

1642 FIMND FO

1558 WRITE HS, M$, NS, 0%, ¥$, N2, R1, S2, T2, T3, s
1858 G0 TO 18399

1879 FIND F@+J-1

1528 WRITE Os

1528 CLOSE

1799 RETURN .
1719 REM #+ 3IUB: ENTER SPREAD DRTA & MUTE START TIME
1720 PRINT “"_..SPRERD TYPE3"

17I8 PRINT 1. Sinsle—ended wilh 29ually sPaced delz2ctors”
1749 PRINT 2. SPlift with 29ually srPaced detactors"”
1758 PRINT 3. SPread with un293ually sPaced defectors"

1750 PRINT "ENTER SELECTION FROM RBOYE LIST: MUMBER = ":
1778 INPUT NO ' :

17282 G0 TO N@ OF 1799, 1818, 1829

1793 GOSUB 1850

1368 30 TQ 1848

1918 GOSUB 28e9

1329 G0 TO 1848

13829 GOSUB 2426

1349 RETURN .

1350 REM e SUB: SINGLE-EMNDED SPREAD WITH EQUALLY SPRCED DETECTORS
1868 PRINT "L_.FOR THE SINGLE-ENDED SPREAD WITH EQUALLY SPARCED DETECTORS:"
1878 PRINT " Trace 1 offzet = ";

1238 INPUT X<

1399 IF R4=1 THEM 1920

1299 PRINT "Tr. 1 mut2 start = ";

1919 INPUT T2

1320 PRINT " Trace 12 oftfgel = ";

19290 INPUT Xidiz>

1542 IF Q1=1 THEN 1379 .

1950 PRIMT “Tr. 12 mute sfart = *;

1380 INPUT T2

137G H2=0K10120=-X1(1) /14

12280 IF Qi=1 THEN 2940

1599 TP=(T2=T2>/11

2999 FOR K=1 TO 12

24



2910 TA=(K=10%T7+TS+L
2029 IQ<KW=INTfTB/51*1 S
28390 NEXT K
949 FOR J=2 TO 11
2688 BicJyax 1’1-1»+A‘
2968 MEXT J -
2879 RETURM
2889 REM w» SIUB: SPLIT SPREAD WITH EQUALLY SPACED OETECTOPS
2090 PRINT "__FOR THE SPLIT SPREAD WITH EQUHLL? SPACED DETECTORS: "
2196 PRINT " Trace 1 offset = ”,
2110 INPUT K12
2429 IF Q1=1 THEN 2158
2128 PRINT "Tr. 1 muta start = ";
2148 IMPUT T2
2459 PRINT " Trace 6 offsel = ;
2180 INPUT xicér
2479 IF R1=1 THEN 22%0
2130 PRINT "Tr..6 mute start = *;
2499 INPUT T3
2288 Tr=(T2-TS>/3
2218 FOR K=1 TO &
2220 TO=(K-1:3xTr+T8+L
323 JS<K>=IHT<T9/:L*1 5>
2249 NEXT K
225“ H2=m(KL(EI=K1C1D0 /S
250 FOR J=2 TO 5
JSTﬁ HLC(TdaKiiJ=10+X2
2280 MEXT J
22239 PRINT " Trace 7 offset = ";
22828 INPUT K1(?>
2213 IF Q41=1 THEM 22482
2228 PRINMT "Tr. 7 mute start = ;
2228 INPUT TS
22489 PRINT “"Trace 13 nffset
2Z8Y INPUT K1da2)
2258 IF Qi=1 THEN 2449
2272 PRINT “Tr. 12 mute starft= '
2239 INPUT TS
2299 TT=(TS-T23/S
493 FOR K=7 TO 12
2410 TO=CK=PoxTT+TS+L
2428 JSCKI=INTL(TO/S1+1. 5O
2328 MEXT K
2440 KI=CHAA2)=-X1(PO /S
24590 FOR Ja8 TO 11
2450 K1 TrmKi(J=1)+X3
2479 MEXT J
2429 RETURN
2490 REM = SUB: SPREAD WITH UMEQUALLY SPRACED DETECTORS
2508 PRINT “FOR THE SPREAD WITH UNEQURLLY SPACED DETECTORS:“
2218 IF =1 THEM 2S4$9 ’
2529 PRINT "TRACE NO. OFFSET MUTE START TIME"
2829 50 TN 25%9 '
2S453 PRIMT “TRRCE NO. OFFSET"
2950 FOR J=1 TO 12
2929 PRINT * v g "5
2579 INPUT H102) )
2539 IF QA1i=1 THEN 2620
2929 PRINT “K. ";
2689 INPUT T2
ZELB I3 TH=maINTCTE/ S1+1. S
28I MEXT J
RETURN

]
~
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" PROGRAM LISTING FOR VELOCITY-FUNCTION NORMAL MOVEOUT CORRECTION

199
113
12
1’2
149
15e
150
iva
189
1589
292
18
220
240
T9
268
s
289
299
208
3418
229
343
2Se
380

bl

280
220

498,

416
42
429
34Q
430
355
478
439
429
S30
bp R3]
=3
339
49
559
569
sST8
539
529
s239
61@

529

550

-~ -
53
[\

759
TEE
G
T39
el

PRINT "L.YELICITY-FUNCTION MMO CORRECTIOM JF 12-TRRACE RECORD"

IMIT

DIM ASCATY, C3C3), DSC1), G0 HECLL Y, JSIL30,. LS. MSCATY, NSITD
DIM O$CT), SELLD, USSR, ¥$(ST), K112

REM # INPUT “YEL FUNCTION DRTA

30SUUB 1739

R1=1 .

M$="“NO MUTE RPPLIED"

PRINT “G.G.G~.-_INSERT MMO MDT IN 4851 RAND OBS-DHTR MDT IM 4024“
PRINT "Mame of MNMO MDT = “;

INPUIT Ns :

PRINT "Rezc# on MMO MDT = “;

INPUT RS

F2=RS+«12-10

PRINT “Name of 0BS MDT = ";

INPUT Os .

PRINT “Rec# on 08S MDT = *;

INPUT R4

Fi=R1iw12-18

PRINT "D0O YOU WANT TO RPPLY MUTE? (¥ OR N> “;
INPUT Gs$ . '
IF Gs="N" THEN 249

DIM JS<42>

Q=2

REM wx ENTER QBS DRTR S5I AND DELAY

3OSUB 529 ‘

REM @« ENTER SPREAD OATR AND MUTE-STRRT TIMES
30SUB 1368 .

IF 21=1 THEN 410

PRINT * Los-faper Cime = “;

INPUT Ca

REM «w ESTABLISH MMO TIME RANGE

30SUB 580

REM 4% TEST DATR LIMITS

305UB 729

REM «w SET COS TARAPER & COMPUTE MUTE COEFF

IF Ri=1 THEN 489

305UB 929 ’

REM % COMPUTE. APPLY, RAND STORE

30SUB 19820

PRINT "G_G.G.PROGRAM COMPLETED"

eND

REM % SUB: EMTER OBS DRTAR S. I. AND DELAY TIME
PRIMT "o . 0BS MDT S. I. = %;

IMNPUT S1

SIZ=I2-5L :

PRINT * 0BS MDT delay = ";

IMPUT L .

JT=al S1+1

RETURN -

REM «w SUB: MNMO TIME RANGE

PRINT “__FOR MNMO-CORRECTED RECORD:*"

PRINT "StarfT NMO tTime = “;

INPUT T2 .

IF T2=>T<1)> THEN A&7

PRINT "GLG.G_ERROR' NMO START TIME < FIRST TIME OF “EL FUNCTION®
130 TN 528

IS=T2. 50+1

PRINT * End NMO Lime = “;

INPUT T2 .

IF T3C=TeM> THEN 72

PRINT "G.G.G.ERROR!" MMO EMD TIME > LAST TIME JF YEL FUNCTION"
G0 TO »86

JE'T-K -11*\1

M= JI2=-T2+1

M= hN2-1)/53+1

Na=Z:eMZ

REM +ew REDRDER WELOCITY FUMNCTICOM

3OS 2729

REM «w SUB: TEST ORTA LIMITS
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=)
510
S2€

239
349
3%8
350
378
220
398
288
210
929
)
S48
2358
28

<378

28

299

ig0e
1918
i62e
1529
1943
1959
1os50
1078
1929
1228
1109
1112
1129
11206
1149
11S@
1158
1173
1138
1139
1299
1210

K o)
1229

229
1248
125

1268
127

1239
1229
1390
1318
1229
1339

CRLL "MIM". €1, x4, 14

CRLL “MAX". K1, K2, I3

T4mIQAR KA CLO R P LI+ TSHT2)
IF T4=>L THEN 363

PRINT "G.G.G-ERROR: INITIAL COINCIDENT RAY TIME TOQ SMALL"

30 TO 529 .
JamINTED, S+(Td=L)/S10+1
Tdm(J4d=1 4S1
TSSSARCKIAVININXS/WIMI+TZHT2)
JS=INTCE. S+(TS=-L)/S1>+1
TS=(JS=1)%S1

RETURN ‘ .

REM #ow SUB: SET COS TRPER
C$=STRCCL)

MS=C3L" meec cosine”
C1=INT.C1/51+92. 5>

DIM K2<¢C4io

C2=PI/T1

FOR N=1 TO C2

KOCMI=g, S5=9.-S#COSCC2eND
NEXT N

RETURM

REM # 5UB: COMPUTE. APPLY, AND STORE

FOR J=1 T 12
DELETE D%, 0
J9=1991 MAX JS
DIM D$<3905), 0¢J9D
IF J>L THEN 1110
FIND R2:FL

READ 132:HS$, DS

30 TO 1139

FIND 32:F1+J-1
READ @2:D%

0=511

CRALL "HEXDEC", DS, O, LENCDS>, 3
DELETE D$

D=0-%511

IF R1=1 THEN 1260
FIOR K=1 TO J8CJID
(K=

NEXT K

P=3

FOR M=K TO K+C1-1
P=P+1
DCNI=KICRIMICND
HEXT M

30SUB 1219

G0SUB 1480

3ISUB 1520

NEXT J

RETURN

REM =k SUB: COMPUTE NMO TIMES RS INDICES

DIM TCM2>
J5=I2-53

1I43-T§=T2-52

1259
1ise
1279
1339
1239
1489
1410
1420
1438

1449
1458

L4589
1478
1420
1498

FOR [=L TO N2
16=16+53
T6=TE+52
TZIM=T6

MEXT I

DIM MCN3>

FOR K=1 TO N3.

MK =SARCT LK) #TAXKI+XLT D AVIKIMKL LT D ANCKDI 3 =T KD

MIKI=INTB. S+MIK>AS1)

MEMT K

MEM=-J7

CELETE T

RETURN

REM =% SUB: MAKE MMO CORPPECTIONS
DIM DNz
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i1Soea
1519
1529
1S58
1549

1S3%59-

1358
1579
1588
1599
1599
1510
1520
15629
1542
1556
1650
1867

1689
1699
178

T4T10

172
1729
1740

4 T
]

175D
17y
1730
17239
13909
1319
1329
1329
1343
1350
1263
1379
1228
1299
1399
131
1929
1228
1349
12359
1260
1379
12339
1999
2899
2949
2029
2929
2049
2099
s LY
2879
2050
2999
2199
2119
2129
2120
2149
2154
21583
2ara
2130
2138
294

D=3

J8=J2-32

FOR I=1 TQ N2

Je=Je+S3

DCIs=3CTe+MCID )

MEXAT I

CELETE M, O

RETURN

REM #% SUB: STORE NMO-CORRECTED DATA
DELETE 0¥

OIM D$IMN4aD

Ds.l. "

D=D+3514 '

CALL "DECHEX",D$, D, N2, 2

DELETE D-

IF J>1 THEN 18S5@

FIND FB@

NRITE HSJ Ms; NSJ 03: ""s; N3; Ri.o 32} T2} T3. D‘

530 TQ 1710

FIND FB3+J-1

WRITE Os

CLOSE

FETURN .

PRINT "G_G_G.__IMNSERT YEL-FUMCTION MDT IN 4924";
PRINT * FILE NO = ¥;

INPUT F2

FIND 32:F2

READ 32:N

DIM T<KMNY, VLMD

READ @2:A$, D%, Us. s, T, Ve )

PRINT “__YELOCITY FUNCTION USING "; Vs
PRINT A$: " ";UUs$; " ";D$

S2=a(TUNI=TCLI D (N=12 .
PRINT "FUMCTION BEGIMNS RT T="; T<4); " AND EMDS AT "; TINJ;
PRINT "WITH A SI=a"; S2

RETURM

REM «ww SUB: SPREARD DRTA & MUTE STHRT TIME
PRINT "__SPRERD TYPES"

PRINT " 1. Sinsle~ended, edually sPaced detectors"
PRINT " 2. 5P1it, =29ually sPaced detectors"

PRINT ¢ 3. Séread with unedually sPaced detactors”
PRINT "ENTER SELECTION FROM ABOVE 1LIST; NUMBER = ;

INPUT MO

30 TO MNB OF 1249, 1960, 1989
GOSUB‘EQBQ
530 TO 1999

GQcuUB °“‘a
130 TO 1899
G30SUB 2549
RETLRN
REM #% SUB: SINGLE-ENDED SPRERD
PRINT "_.FOR THE SINGLE-EMDED SPREARD:"
PRINT " Trace 1 offset = “;.
INPUT Xa<ddin

IF Q4=1 THEM 2079
PRINT "Tr. 1 mute start = ";
INPUT T8
FPRINT " Trace 13 offset = *;
IMPUT 5412

IF Qi=1 THEN 2129
PRINT "Tr. 12 mute start = °;
INPUT T2
R0 TS B RSl g KR I P B 8

IF Qi=a1 THEM 2150

T=(T3-T82 11

FOR K=1 TO 12

TR= K=LmTr+T3+L
JErK»=INTT3/S1+1. S

MEXT K

FOR J=2 TQ 11

NS RN T E4 BDES €5 SRR e
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MERT J

RETLURM .

REM #:4 SUB: SPLIT SPREAD
PRINT "“..FOR THE SPLIT SPREAD:"
PRINT * Trace 1 of?scc = ",
INPUT X1¢lid

IF Q1=1 THEN 2299 )
PRINT "Tr.1 mutCe start = "
INPUT T8

PRINT “ Trace & offs2t = "
INPUT X1<(8>

IF Qi=1 THEN 2409

PRINT “Tr. 6 muta start = ";
INPUT TS

TV=(Ta=~-T8)/S

FOR K=L ‘TO &
TRmCK=L)WTT+TS+L
JS¢KImINT(TO/S2+1. S

NEnT K

2=t%1(o)-31(1)>/5

FDR J=2 TO S
HACId>=KHLCJ-10+X2

MNEXT J . .
PRIMNT " Trace 7 offset = "
INPUT Ha<?> ’

IF Q1=1 THEN 2490

PRINT "Tr. 7 mut2 stq t = M
INPUT T3

PRINT "Trace 12 offselt = “;
INPUT K4<4a2D

IF Q1=1 THEN 2599

PRINT "Tr. 12 mute2 start= “;
INPUT T2

TF=a(T3=-T3)/3

FOR K=7 TO 12

TOaLK=F 2T+ TS+L
JBLKI=INTLTBA31+1. 3O

3 NEKXKT K
A KIS (HANA2I-KLCTIOAS

FOR J=8 TQO 11

RLCTI=RL(T=L0+X3

NEXT J

RETURNM

REM 4 SUB- UNEQUALLY SPACED SPRERD
PRINT "“FOR THE UNEQUALL'Y SPACED SPRERD:"
IF Qi=1 THEN 2659

PRINT “TRACE NO. OFFSET MUTE START TIME"
30 TO 2799

PRINT “TRACE NO. QFFSET"

FOR J=1 TO i2

PRINT * RFIN PR *;

INPUT K4<J>

IF 2a=1 THEN 277

PRINT "K_ "
INPUT T9

JSrIy=INTITOASL+1. SO

MEXT J

RETURN

REM #% IUB: REORDER VYEL FUNCTION

CIM WIN2D

IF T2=T71> THEN 2389

K=(T2=T15/52

;9: FOR J=1 TO M2
B340 KaK+1
a359 W I davailKD
589 MEXT J
30 TO 22296
Q =Wl
CELETE w4
RETURM
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